We measured 10 Be in fluvial sediment samples (n ‫؍‬ 27) from eight Great Smoky Mountain drainages (1-330 km 2 ). Results suggest spatially homogeneous sediment generation (on the 10 4 -10 5 yr time scale and Ͼ100 km 2 spatial scale) at 73 ؎ 11 t km ؊2 yr
INTRODUCTION
The Appalachian Mountains, one of the largest and most studied orogenic belts, were built by a series of collisions in the Paleozoic followed by extension in the Late Triassic (Blackmer et al., 1994; Boettcher and Milliken, 1994; Friedman and Sanders, 1982; Pazzaglia and Brandon, 1996) . While the constructional history, structure, and lithology of the range are understood, the pattern and tempo by which the Appalachians erode is not well known despite a variety of studies, the first of which was completed more than a century ago (Davis, 1889) .
The longevity of the Appalachians is striking. To understand the survival of these mountains, a quantification of erosion rates through time and space is needed. The rate at which the Appalachians have and are losing mass has been estimated by a variety of methods (e.g., Judson, 1968; Moore, 1974; Hack, 1979; Gordon, 1979; Pavich, 1985; Zen, 1991; Bierman et al., 1995; Hulver, 1996; Mills, 2000; Naeser et al., 1999 Naeser et al., , 2001 Granger et al., 1997 Granger et al., , 2001 ). The wide range of denudation rates suggested in these studies (4 to Ͼ200 m/m.y.) is the result of integration over different spatial and temporal scales (Milliman and Meade, 1983; Milliman and Syvitski, 1992 range in the southern Appalachians (Fig. 1) , are built of metamorphosed sedimentary rocks of Neoproterozoic to Early Cambrian age with isolated areas of Mesoproterozoic gneiss (King et al., 1968) . The Great Smoky Mountains rise Ͼ1500 m above adjacent valleys, and relief over most of the range is significant, with steep slopes (18Њ-28Њ) feeding sediment into deep river valleys. Mean annual rainfall ranges from 165 to 250 cm, depending on elevation (http://www.nps.gov/grsm/gsmsite/ natureinfo.html; accessed November 2001). Slopes and mountain crests are mostly soil covered and heavily vegetated. In some places, weathered rock (saprolite) below the soil is Ͼ10 m deep. Only minor gullying and a few storm-related landslide scars are evident. Diffusive processes, including tree throw, transport soil and colluvium downslope.
METHODS
To estimate the rate and pattern of Great Smoky Mountain erosion, we measured 10 Be in fluvial sand from 8 drainages; these systems drain 56% of the range's area (Fig. 2) . Quartz, the mineral from which 10 Be was extracted, is homogeneously distributed (Hadley and Goldsmith, 1963; King, 1964) . The 10 Be was measured at Livermore National Laboratory in quartz separated from the 250-850 m fraction using procedures outlined in Bierman and Caffee (2001) . In order to interpret the nuclide data as rates of sediment production (Brown et al., 1995; Granger et al., 1996; Bierman and Steig, 1996) , we calculated basinwide nuclide production rates by convolving basin hypsometry, the altitude production-rate function (Lal, 1991 ; erosion rate calculation 1 ), and the sealevel, high-latitude production-rate estimate of ).
RESULTS
Sediment samples collected from the Great Smoky Mountain drainage systems (n ϭ 27) yielded 10 Be activities between 0.19 ϫ 10 6 and 0.46 ϫ 10 6 atoms g Ϫ1 quartz (Table DR-1; see footnote 1). The nuclide data demonstrate that sediment from different tributaries is well and rapidly mixed downstream. The effects of sediment storage are inconsequential (Data Repository sections ''Evidence for thorough mixing'' and ''Limited storage effects''; see footnote 1), allowing for the calculation of drainage-basin average sediment generation rates and, by inference, bedrock erosion rates. 
10
Be activities do not increase downstream, suggesting insignificant cosmic-ray dosing during any short-term alluvial storage.
Model Basin-Scale Erosion Rates
The 10 Be activities we measured require sediment generation rates between 46 and 100 t km Table DR -2; see footnote 1).
SPATIAL HOMOGENEITY
Our results suggest spatially homogeneous erosion of the Great Smoky Mountains on the 10 4 -10 5 yr time scale, the time it takes the upper several meters of rock to erode (Lal, 1991) . The twofold scatter of erosion rates in low-order drainage basins reflects local differences in small basin characteristics and behavior over space and time (Fig. 4) . The rapid and efficient mixing of sediments from the different tributaries is expressed by the similarity in the mean model erosion rates as basin size increases and by mass-balance calculations (Data Repository section ''Evidence for thorough mixing''; see footnote 1). When analyzed at a spatial scale of Ͼ100 km 2 , rates of sediment production and erosion across the range are uniform (Table DR-2; see footnote 1).
EROSION OVER TIME
Sediment load data for two rivers in the Great Smoky Mountain area (http://webserver.cr.usgs. gov/sediment/plsql/stateanchor; accessed June 2001) indicate that historic sediment yields are similar to sediment generation rates calculated from cosmogenic nuclide activities. Sediment load measurements (1935) (1936) (1937) (1938) . Measurements (1934 Measurements ( -1935 in the Little River basin (basin area 490 km 2 ; Fig. 2 ) suggest an erosion rate of 21 m/ m.y. Calculated rates of erosion in other parts of the Appalachian Mountains, based on the assumption that contemporary sediment yield reflects sediment generation, range between 5 and 50 m/m.y. (Hack, 1979; Menard, 1961; Judson, 1968; Judson and Ritter, 1964; Gilluly, 1964; Gordon, 1979; Milliman and Syvitski, 1992) .
Fission-track data imply average Great Smoky Mountain denudation rates from the Jurassic to Cretaceous, and most likely to the present, of 20-25 m/m.y. (Naeser et al., 1999 (Naeser et al., , 2001 ; Fig. 5 ). Fission-track data from other parts of the Appalachians indicate similar unroofing rates (Zimmermann, 1979; Doherty and Lyons, 1980; Roden and Miller, 1989; Boettcher and Milliken, 1994; Naeser et al., 2001; Fig. 5) . Mesozoic and Cenozoic unroofing rates between 10 and 60 m/m.y. are also calculated using long-term sediment budgets and the emplacement depths of currently exposed igneous intrusions (Menard, 1961; Poag and Sevon, 1989; Zen, 1991; Pazzaglia and Brandon, 1996; Fig. 5) .
In contrast to relatively slow rates of rock erosion during the Mesozoic and Cenozoic (Ͻ60 m/m.y.), rates of unroofing in the Paleozoic, during Appalachian orogenesis, were Ն100 m/m.y. (Hulver, 1996; Zen, 1991; Pavich, 1985; Sutter et al., 1985; Fig. 5 ). Similarly high rates of mass loss are typical in active Cenozoic mountain belts (Summerfield, 2000 , and references therein). The contrast between the high Paleozoic rates of mass loss and low rates in the Mesozoic and Cenozoic suggests that rates of mountain erosion decrease rapidly soon after the termination of tectonic activity, and then remain relatively constant, enabling the landscape to approach a balance in terms of mass loss over time when considered on time scales longer than 10 5 to 10 6 yr (Pazzaglia and Brandon, 2001; Whipple, 2001) .
IMPLICATIONS
The 10 Be activity in river sediment suggests that the Great Smoky Mountains are eroding between 25 and 30 m/m.y. If drainage basins greater than several tens of square kilometers are considered, erosion is spatially homogeneous, supporting Hack's (1960, p. 85) concept of dynamic equilibrium, which postulates that in the southern Appalachians, ''. . . all elements of topography are mutually adjusted so that they are downwasting at the same rate.'' However, the variability of erosion rates that we measured among low-order drainages might imply that dynamic equilibrium is not an appropriate description at the headwater scale (Ͻ50 km 2 ). Considering drainage-bydrainage erosion rate variations, in conjunction with the antiquity of the mountain range, it appears that Hack's dynamic equilibrium might never be achieved at the scale of headwater streams.
Documenting the temporal history of erosion rates through the genesis and decay phase of a mountain chain sheds light on the evolution of such large-scale landforms (e.g., Davis, 1909; Penck, 1953; Schumm, 1963) . In the Great Smoky Mountains, coupling erosion rates estimated from cosmogenic nuclide, fissiontrack, sediment yield, and Appalachian sediment budget data suggests that erosion rates have been similar over the 10 2 -10 8 yr time scales. Spatially and temporally uniform erosion suggests that the mountain belt has been responding isostatically; within the resolution of these methods, rock uplift has been in equilibrium with denudation since tectonic activity ceased. Despite erosion at rates of ϳ30 m/m.y. for the past 180 m.y., the southern Appala-chian Mountains have prominent topographic expression and significant relief, in agreement with the Pitman and Golovchenko (1991) model, and in contrast to other models (Ahnert, 1970; Harrison, 1994) . A relatively thick crust (40-50 km; Hutchinson et al., 1983; Iverson and Smithson, 1983) has driven isostatic response, thus maintaining the topographic expression of the southern Appalachians for almost 200 ϫ 10 6 m.y. The longevity and topographic persistence of other Paleozoic mountain belts might also be explained by the existence of a thickened crust.
